A case control study of drinking water treatment practices and female cancer mortality was conducted in Wisconsin. Cancer deaths for 1972-1977 from 28 Wisconsin counties and noncancer deaths matched to cancer deaths on age, year of death and county of residence, were compared for characteristics of drinking water supplied to their places of residence. Using logistic regression, estimates of relative risk associated with chlorinated water were examined allowing for the influence of indicators of water organics and the potential confounders of occupation, marital status and urbanicity. Only colon cancer appeared to be related significantly to chlorination in all models explored. A dose-response relationship was found between crude indicators of trihalomethane level (chlorination x organic contamination) and colon cancer death. The odds ratio for chlorinated surface water for colon cancer was 2.81 (p < 0.01); approximately half this risk was found for chlorinated ground water. Consequently, a case control study of colon cancer and drinking water quality utilizing newly diagnosed patients is being conducted in Wisconsin.
Introduction
In recent years, the human cancer risk associated with chronic, low-dose exposure to trihalomethanes (THMs) present in drinking water has been the ultimate concern of diverse research. [Trihalomethanes have the structure HCR3, where R represents chlorine, bromine or iodine, or combinations thereof; the major THMs in drinking water are chloroform, bromodichloromethane, dibromochloromethane and tribromomethane (bromoform) .] After the National Organics Reconnaissance Survey (NORS) documented the pervasiveness ofTHMs (particularly chloroform) in U.S. municipal water disinfected with chlorine (1), researchers in the field of water chemistry have sought to identify THM precursors to quantify reaction conditions which explain the variance in THM concentrations found in the finished water of different facilities. On the biological front, long-term rodent studies con- tinue to show oncogenic effects following chronic chloroform ingestion (2) . Preliminary epidemiologic studies of water quality and cancer mortality have associated some gastrointestinal and urinary tract cancers with presumed exposure to water likely to contain THMs.
As discussed in recent reviews (3, 4) , the epidemiologic studies vary in the specificity of exposure classification with respect to THMs. Since THM levels are unknown for the exposure period relevant to current cancer deaths (e.g., 15-20 years prior to disease onset to allow for latency), all exposure classification schemes are necessarily indirect and consequently rest on a set of assumptions. In the final analysis, it is the explicit or implicit model which holds the key to the assumptions inherent in a particular study, the biases introduced, the limitations and specificity, and the nature of the conclusions which may be drawn. This is a report of the epidemiologic model, methods and further results of the Wisconsin case control study ' 
Methods Epidemiologic Model
For the investigation of Wisconsin female cancer mortality and water exposure, an attempt was made to make use of all historical water data on parameters shown by prior research to be relevant to THM formation. These water characteristic and treatment parameters, other factors related to THM exposure, and potential confounders with respect to water source and cancer mortality are included in the epidemiologic model presented in Figure 1 . This model has guided the investigation and serves as a backdrop for the description of methods and analysis employed, and discussion of results.
Section I of the model pertains to raw water concentration of halogenatable organics, or THM precursors. Naturally occurring organics can be considered as a function of water source, with surface source and shallower wells likely to contain higher concentrations. Water color and turbidity KANAREK AND YOUNG are indirect indicators of "humus." Rural runoff which impinges on water source is considered the most important source of natural organics, while industrial discharge, municipal waste and air pollution are possible other sources of halogenated or halogenatable organics. It is important, too, to consider these conditions as possible sources of toxicants which potentiate or are potentiated by THMs. Section II represents water treatment and reaction conditions known to influence THM formation. Chlorination dose has been shown to be an important predictor of THM concentration; both prechlorination, and post or one-step chlorination are considered here in addition to the total dose for the two procedures combined. Other factors include pH, water temperature, and purification procedures (coagulation, sedimentation, and filtration).
Actual THM exposure is represented in Section III, where amount of daily water consumption and chronicity of exposure to a particular source is considered. Information on THM exposure from sources other than drinking water is extremely limited. Calculations of "typical" uptake of chloroform (in mg/year) from water, food, and ambient air indicate that uptake from water is 2-3 times greater than that from the other sources (6) . However, when minimum uptake is considered (lowest range for "reference man"), uptake from the atmosphere is ten times greater than that from water. One potential source which may be of importance for young age groups is that of chlorinated swimming pools, where THM levels of up to 1400 ,ug/l. have recently been detected (7) .
At the next point in the model, Section IV, the influence of coexposures and confounders must be considered. Many factors, such as hazardous industrial exposures, may be related to both cancer incidence and living in areas served by chlorinated water. It is also possible that some of these factors act synergistically with THMs. Since this study, as most reported to date, takes cancer death as the measured effect, it is important to consider causal and confounding factors related to cancer death. While influences on this section of the model (V) are largely unknown and unquantifiable, the assumptions and limitations so introduced by use of mortality data must be addressed.
Study Design
A case control study utilizing mortality data was conducted. The characteristics of water supplied to the usual place of residence (as listed on the death certificate) of cancer decedents were compared to that of noncancer decedents. In order to maximize the necessary assumption that the cases and controls were exposed to the water supply associated with the "usual place of residence" listed on the death certificate for 15-20 years before death, only counties with less than 10% population increases attributed to immigration over the past 20 years were included in the study. In addition, the study was restricted to females, and since females of this cohort of decedents (death years 1972-1977) were likely to have been homemakers, more exposure to the home water supply is likely.
The sample of white female cases and controls was obtained from computer tapes of abstracted death certificate data, provided by the Wisconsin Department of Health and Social Services, Bureau of Health Statistics. Only deaths from 28 of the 72 Wisconsin counties were considered. In addition to the criteria of low immigration rates mentioned above, counties had to have both chlorinated and unchlorinated municipal water supplies. Due to the lack of racial heterogeneity in most of Wisconsin, only white female deaths were included. Based on Wisconsin female cancer death rates, mortality data for six years were determined from sample-size tables (8) to be adequate for detecting a site-specific relative risk of 1.5 (at an error level of a = 0.05, m = 0.1); 1972-1977 was the most current six-year period for which abstracted death certificate data were available.
Cases were defined as all white female deaths occurring 1972-1977 within the 28 study counties due to malignant neoplasms of the following sites: esophagus, stomach, colon, rectum, liver and intrahepatic bile ducts, pancreas, urinary bladder, kidney, lung, brain and breast. Each case was matched with a female noncancer death control on year of 181 birth, county of residence and nearest birth date (day, month, year). After matching on death year and county, 95% of the cases were matched within the sarie year of birth as the control, 4.5% were matched within a three-year interval, and 0.5% within a six-year interval. For the majority of controls (70.93%), the cause of death was in the category of circulatory system disorders.
Several water variables were constructed for use in a statistical model, and the necessary data from all waterworks (N = 202) serving the 28 study counties were gathered. Individual exposure data were then assembled by assigning each case and control the values of the water variables for the particular waterworks which served the place of residence (city, town, or village) of the case or control recorded on the death certificate.
For each waterworks, data on type of water source (surface/ground), depth of ground source in feet, and use of purification procedures (coagulation, sedimentation, and filtration) were obtained from the 1970 Wisconsin Waterworks Survey report (based on data for the period 1960-1965). More detailed information on chlorination doseages used over the past 20 years (average daily dose in ppm) and the occurrence of several environmental factors influencing organic content of raw water (rural runoff, industrial discharge, air pollution, water with taste or color) were ascertained from a mailback questionnaire sent personally to each water superintendent.
Data on the potential confounding factors ofurban residence, occupation and marital status were based on death certificate information and assigned to each case and control. For urbanicity, community of residence was ranked into one of six population size categories on the basis of the 1960 census. Cases or controls with occupations considered high risk for each particular cancer site were given a score of one, otherwise zero. The marital status variable indicated married or not married.
To estimate the site-specific cancer risk associated with water supply, several statistical models were analyzed, using logistic regression. The distinct advantage of this technique lies in the ability to take factors into account which may confound the association of interest as well as allowing for the influence of factors related to the strength of the association (9). Thus, when variables for potential confounders are included in the logistic regression model, the estimated value of the regression coefficient for site-specific cancer deaths in relation to chlorination (a direct estimate of the odds ratio associated with the exposure) is considered to be adjusted for the other variables in the model (10) .
The basic model (Model I) used to test the null hypothesis that cancer death is not associated with chlorinated drinking water is specified in Eq. ( 
Results
Water treatment for the 28 study counties is summarized in Table 2 . Relevant correlations between water variables for raw water characteristics and treatment are given in Table 3 . As expected, high chlorine dose is strongly and positively associated with point and nonpoint sources of organic contamination, surface source, and large population of community; and negatively associated with depth of ground source. Waterworks serving greater populations, or drawing surface or shallow water are more likely to report more sources of organic contamination. It is noteworthy, however, that chlorine dose and presence of organic contamination are also positively associated with water purification. Since purification may be expected to reduce THM content, it is important to consider these interrelationships.
The odds ratio estimates under model I and model II are given in Tables 4 and 5 , respectively. Only colon cancer was significantly related to chlorinated water exposure .under model I. When the water factor terms were included (model II), the odds ratio for brain cancer increased considerably and reached significance. These two sites were then examined for consistency and with regard to the scheme of THM formation using the more complex exposure variables under model III. The resulting odds ratio estimates are presented in Table 6 .
For colon cancer, the greatest risk is seen with exposure to chlorinated surface water. In addition, chlorinated water with organic contamination caries a greater risk than chlorinated water with no organic contamination. (11); error of this type was introduced in this study when the assumption that the water supplied to the usual residence was consumed over a 15-20 year period prior to death was not met (whether due to migration or simply not drinking tap water). With regard to the findings of other epidemiologic studies implicating bladder or rectum cancer, it is important to stress that this Wisconsin study is based on white female deaths only. While confounding due to smoking, alcohol, occupation and probable migration is of less concern for this homogeneous sample relative to a sample of males, the generalizability of results is restricted.
The lack of a consistent brain cancer risk under the various models indicates that the brain cancerchlorination association is not substantive. The strong influence of the organic contamination variable (an indirect indicator for any point or nonpoint source of organics) and the lack of influence of surface water source suggest that ground water contamination with specific organic contaminants may be responsible for the pattern of risk found. Alternatively, the inconsistent relationship may be due to an unknown confounding factor that is positively associated with some of the ground water supplies in particular areas.
The evidence from this analysis for a colon cancer risk is stronger, but methodological limitations stemming from the use of death certificate and other indirect data preclude drawing causal interpretations. It is not likely that known confounding factors or bias introduced via nonrandom misclassification error can completely account for the estimated risks since such factors (e.g., vegetable consumption) would have to persist through the more complex categorization by organic levels of chlorinated water. Since no risk was found for breast cancer, which is known to be linked positively to higher socioeconomic status, it is not likely that this potential confounding factor influenced only the colon cancer relationship. Moreover, urbanicity was always used as a control variable, thus lessening concern with this important confounding factor. The result, then, may be cautiously viewed as suggestive of a colon cancer risk with exposure to water likely to contain chlorinated organics.
In view of the results of this study and similar findings recently reported (12) 3. Exploration of the relationship between colon cancer and other environmental contaminants. One of the main features of a case control study in which subjects are available for interview, is the ability to assemble complete residential histories (address x length of time). Consequently, the past proximity to potential environmental hazards such as chemical dumps, heavy pesticide/herbicide land saturation, industrial discharge and air pollution will be examined as risk factors for colon cancer.
It is hoped that this case control study will further clarify the role of chlorinated drinking water in human colon cancer incidence. We would like to thank Dr. Ray Nashold, the Director of Health Statistics for the Wisconsin Department of Health and Social Services, for providing us with the mortality data used in this study.
